Background: Timely coordinated diagnostic assessment following an abnormal screening mammogram reduces patient anxiety and may optimise breast cancer prognosis. Since 1998, the Ontario Breast Screening Program (OBSP) has offered organised assessment through Breast Assessment Centres (BACs). For OBSP women seen at a BAC, an abnormal mammogram is followed by coordinated referrals through the use of navigators for further imaging, biopsy, and surgical consultation as indicated. For OBSP women seen through usual care (UC), further diagnostic imaging is arranged directly from the screening centre and/or through their physician; results must be communicated to the physician who is then responsible for arranging any necessary biopsy and/or surgical consultation. This study aims to evaluate factors associated with diagnostic wait times for women undergoing assessment through BAC and UC.
To ensure the benefits of early detection by mammography (The Canadian Task Force on Preventive Health Care, 2011; Nelson et al, 2016) women with abnormal screening results must have access to timely and accurate diagnostic assessment. One of the essential components of screening centres is appropriate follow-up of women with abnormal findings with an effective referral system (The Workshop Group, 1989) . The time required for assessment of an abnormal mammogram is associated with patient stress and anxiety (Sutton et al, 1995; Rimer and Bluman, 1997; Brett et al, 1998) and delays in diagnostic times have a negative impact on the prognosis of screen-detected breast cancers (Olivotto et al, 2002; Ganry et al, 2004) .
A study of Canadian screening programs found that age at screen, family history of breast cancer, and screening history were not associated with delays in breast cancer diagnosis (Olivotto et al, 2002) . However, this study as well as several others found that diagnostic intervals actually decreased for screened women with high-suspicion mammograms (Caplan et al, 2000; Olivotto et al, 2002; Ganry et al, 2004; Bairati et al, 2007; Borugian et al, 2008) . Shorter diagnostic times were also seen for women with higher income (Bairati et al, 2007) , larger tumour size (Bairati et al, 2007) , more advanced stage (Jiang et al, 2015) , and for women who attended screening programs that used core biopsies more often than open biopsies (Olivotto et al, 2001a) .
The Ontario Breast Assessment Collaborative Group was established in 1998 to guide development of coordinated multidisciplinary approaches for facilities to provide organised breast assessment (Ontario Breast Screening Program, 2001) . Within the Ontario Breast Screening Program (OBSP), facilities that qualify as a Breast Assessment Centre (BAC) have a patient navigation system that coordinates referrals through a defined pathway and have access to diagnostic imaging, image-guided biopsies, pathology, and surgical services. Canadian breast screening programs have reported shorter diagnostic intervals for women who had coordinated referrals from screening centres to diagnostic facilities (Olivotto et al, 2001b; Decker et al, 2004; Psooy et al, 2004; Borugian et al, 2008; Baliski et al, 2014) . For women screened in the OBSP, a previous study showed that women receiving work-up through organised assessment had shorter diagnostic wait times with a biopsy than for those evaluated through usual care (UC) (Quan et al, 2012) . However, this study only utilised 1 year of data, and did not explore the effect of various assessment and prognostic characteristics on diagnostic intervals. A more recent Ontario study of screened women had similar findings; however, a large proportion (20.5%) underwent opportunistic screening and only invasive cancers were included (Jiang et al, 2015) .
After 15 years of implementation of BACs in the OBSP, this study aims to evaluate the effectiveness of organised breast assessment. Wait times from an abnormal mammogram to breast cancer diagnosis will be compared between concurrent cohorts of women aged 50-69 years screened in the OBSP undergoing assessment through BAC and UC. The association of assessment and prognostic characteristics with wait times will be examined separately in BAC and UC cohorts.
MATERIALS AND METHODS
Study population. The OBSP has operated since 1990 to deliver a population-based breast screening program to eligible women (Chiarelli et al, 2013) . Women are not eligible if they have had a prior history of breast cancer, an augmentation mammoplasty, or if they currently have acute breast symptoms. This study identified women aged 50-69 years screened through the OBSP with an abnormal mammogram between 1 January 2002 and 31 December 2009. Mammography consisted of standard craniocaudal and mediolateral oblique views performed by certified mammography technologists on equipment that meets or exceeds that specified by Canadian Association of Radiologists' Mammography Accreditation Program (CAR-MAP). Of those with an abnormal mammogram, one cohort underwent diagnostic assessment through a BAC and the other through UC. Although all women in the study were screened at an OBSP centre, referral to a BAC was dependent on whether the screening centre was affiliated with a BAC. Women were then followed prospectively to determine whether there was a breast cancer diagnosis within a year of the abnormal screening mammogram. During the time period of this study, women were screened at 150 OBSP centres and assessed at 35 BACs. The study was approved by the University of Toronto Research Ethics Board and informed consent was not required.
Ontario facilities that provide organised assessment must meet established criteria in order to qualify as a BAC. Criteria include: having certified mammography technologists and equipment that meets or exceeds that specified by CAR-MAP; providing all abnormal mammographic work-up including special mammographic views and image-guided core biopsy; providing radiological, surgical, and pathologic consultation with experts in breast evaluation; and providing a navigator for patient support and coordination of referrals. The BACs may either perform all the required services for abnormal mammographic work-up or establish networks with facilities to provide the services (Quan et al, 2012) . For OBSP women seen through UC, further diagnostic imaging after an abnormal mammogram is arranged directly from the screening centre and/or through their physician; results must be communicated to the physician who is then responsible for arranging any necessary biopsy and/or surgical consultation.
Selection of breast cancer cases. There were 2 147 257 women aged 50-69 years screened at an OBSP centre between 1 January 2002 and 31 December 2009. To allow for learning curves for new BACs, only women with an abnormal mammogram assessed after the first 6 months of operation were selected. All women diagnosed with unilateral, primary ductal carcinoma in situ (DCIS), or invasive breast cancer of any histological type were identified through record linkage with the Ontario Cancer Registry (OCR) (Jaro, 1995) . Breast cancers detected within 12 months of the abnormal screening episode and classified as screen-detected by the program during follow-up were included. For these women, the last OBSP abnormal screening mammogram before diagnosis was included. Information for all women screened within the OBSP was obtained from data routinely collected by the Integrated Client Management System (ICMS) and OCR.
Demographics and breast cancer risk factors. Information on demographics and breast cancer risk factors comprises self-reported data in the ICMS, collected at the screening appointment. Age and year at screen were based on the date of abnormal mammogram before diagnosis. Women with a first-degree relative with breast or ovarian cancer or personal history of ovarian cancer were classified as having a positive family history. Menopausal status (premenopausal, postmenopausal) , age at menarche (p11 years, 411 years), and parity (nulliparous; first full-term pregnancy (FFTP) o30 years; FTTP X30) were also measured. Women's postal code of residence at screening was linked to the 2006 Canadian Census (Wilkins, 1998) to determine socioeconomic status (SES) and community status. The SES was defined by five income quintiles (Q1 (low)-Q5 (high)). Community status included urban (population 10 000 þ ), rural (o10 000 and a strong metropolitan influenced zone (MIZ)), rural remote (o10 000 and a moderate MIZ), and rural very remote (o10 000 and a weak/no MIZ) (Statistics Canada, 1997) .
Screening characteristics. Information on screening visit for each woman was obtained through the ICMS. An abnormal mammogram was defined as an initial screen for women who had only one OBSP mammogram, or a rescreen for women who had more than one mammogram. The type of mammography was recorded as screen film or digital. Mammographic density was recorded by the radiologist as o75% or X75%.
Assessment characteristics. Assessment procedures and dates were obtained through ICMS. Time (days) to a woman's first assessment procedure following an abnormal screening mammogram was calculated. Assessment procedures from abnormal screening mammogram to final diagnosis date included breast imaging (diagnostic mammogram, ultrasound, MRI), breast biopsy (fine-needle aspiration (FNA), core biopsy, open/surgical), and consultation (radiological, surgical, oncology, primary care). Procedures at first visit were categorised hierarchically as consultation only; imaging±consultation (i.e., imaging only, imaging with consultation); and biopsy ± consultation or imaging (i.e., biopsy only; biopsy and consultation, biopsy and imaging, biopsy with imaging and consultation). First diagnostic assessment delay was defined as having a first assessment 43 weeks following an abnormal mammogram (Canadian Breast Cancer Screening Initiative Working Group, 2000) . Number of assessment procedures, number of assessment visits, and average number of procedures per visit were calculated and categorised according to the median. Type of biopsy was defined as the woman's first biopsy procedure after abnormal mammogram and was either percutaneous (FNA, core biopsies) or surgical (open surgical, nodal/ axillary, nodal/sentinel, or treatment surgery).
Diagnosis age refers to the age at screen-detected breast cancer diagnosis. Time (days) to breast cancer diagnosis was calculated from the date of the abnormal screening mammogram to the date of the first biopsy indicating malignancy. Diagnostic delay was defined as having a breast cancer diagnosis 47 weeks after an abnormal screening mammogram, a national timeliness target based on expert opinion and evidence review (Canadian Breast Cancer Screening Initiative Working Group, 2000; Canadian Partnership against Cancer, 2013) . Statistical analysis. Risk factors and screening characteristics were compared between BAC and UC using multivariable logistic regression analyses, adjusted for age and/or year of screening. Similarly, the association of pathway (BAC/UC) with assessment and prognostic characteristics was examined using multivariable logistic regression to estimate adjusted odds ratios (ORs) and corresponding 95% confidence intervals (CIs) (Diggle et al, 2002) . The association of risk, screening, assessment, and prognostic characteristics with delay in diagnosis (p7 weeks vs 47 weeks) was examined separately for women assessed through BAC and UC to identify possible effect modification. Additional analyses examined stage and tumour size as quantitative exposure variables to assess trend effects. Wilcoxon rank-sum tests were used to test for differences in median time to diagnosis between pathways, overall and stratified by p3 and 43 procedures (Haynes, 2013) . Finally, sensitivity analyses were performed on a subset of the cohort screened between 2006 and 2009 to examine whether differences between pathways persisted over time. All analyses were performed using SAS version 9.4 (SAS Institute Inc., 2008). Statistical tests were two sided and evaluated at a 5% significance level.
RESULTS
Of the 155 866 women with an abnormal mammogram, 9702 (6.2%) were diagnosed with breast cancer. Women were excluded if they resided outside Ontario (n ¼ 29), had stage IV (n ¼ 94), bilateral (n ¼ 192) or non-primary (n ¼ 333) breast cancer, or had a breast cancer diagnosis 41 year following an abnormal mammogram (n ¼ 10). The final sample included 9044 (93.2%) eligible women, of whom 4217 (47%) were assessed through a BAC and 4827 (53%) through UC ( Figure 1 ).
The mean age at screening was 59.7 years, with no significant differences in age group distribution between pathways (Table 1) . Women evaluated in a BAC compared with UC were more likely to have their abnormal mammogram be a rescreen than an initial screen, have their abnormal mammogram after 2006 than before, and be assessed with digital rather than screen-film mammography. Family history of breast or ovarian cancer, menopausal status, and age at menarche did not differ between pathways. Women assessed through a BAC were less likely to be parous vs nulliparous regardless of age, and were significantly more likely to have less mammographically dense breasts (o75% vs X75%) compared with UC. In addition, women assessed through a BAC were twice as likely to live in rural remote compared with urban regions, and less likely to be in the highest compared with lowest income quintile. Irrespective of pathway, women with breast cancer were more likely to be diagnosed within 7 weeks if they had their first procedure within 3 weeks, X2 assessment procedures per visit, a biopsy during their first assessment visit compared with a consultation only, and a core/FNA compared with surgical biopsy at any visit (Table 3 ). In addition, women having an invasive breast cancer vs DCIS, stage II or III vs stage I, a larger tumour size (40.5 vs p0.5 cm), and positive vs negative nodal status were more likely to be diagnosed within 7 weeks, regardless of pathway. More advanced stage and larger tumour size increased the odds of being diagnosed within 7 weeks (test for trend Po0.0001). Rurality decreased the likelihood of receiving a diagnosis within 7 weeks for both BAC and UC. Income quintile did not affect time to diagnosis in a BAC; however, women Adjusted by year of screen, age at screening, screen type (initial vs rescreen), mammography type (film vs digital), mammographic density, income quintile, and community status. Table 2 ). Overall median wait times from abnormal screen to diagnosis were 28 days for women assessed through BACs and 39 days for UC (Po0.0001; Figure 2 ). For women with p3 assessment procedures, the median time to diagnosis was 9 days shorter in a BAC compared with UC (BAC: 23 median days IQR ¼ 15-39; UC: 32 median days IQR ¼ 18-51; Po0.0001) (Figure 3 ). Among women with 43 procedures, this difference still persisted (BAC: 45 median days IQR ¼ 26-75; UC: 50 median days IQR ¼ 34-79; Po0.0001).
DISCUSSION
This study found that women with breast cancer were almost two times more likely to be diagnosed within 7 weeks when assessed through a BAC vs UC. Irrespective of assessment pathway, women were significantly more likely to be diagnosed within 7 weeks if they had their first assessment procedure within 3 weeks (vs 43 weeks), X2 procedures per visit (vs o2), a biopsy at first visit compared with consultation only, and a core/FNA compared with open biopsy at any visit. Having p2 assessment visits and p3 assessment procedures was more likely to reduce time to diagnosis for women assessed through a BAC compared with UC. However, diagnostic wait time was significantly shorter in a BAC, regardless of the number of procedures.
Another Ontario study found that women undergoing organised assessment had 1.7 times greater odds of receiving a diagnosis within 7 weeks (Jiang et al, 2015) , a result very similar to this study. Although the previous study included only 1 year of data, a large proportion of opportunistic screens, and only invasive cancers, this study and ours suggests that organised assessment is beneficial to women. Shorter diagnostic intervals were also seen among women with screen-detected breast cancer in Manitoba who received diagnostic work up through direct referral compared with UC (Decker et al, 2004) . Women in British Columbia's direct referral program, ''Fast Track'', experienced similar improvement (Borugian et al, 2008) , as did those receiving patient navigation in Nova Scotia (Psooy et al, 2004) . Given our study, and others (Olivotto et al, 2001b; Decker et al, 2004; Psooy et al, 2004; Borugian et al, 2008; Baliski et al, 2014; Jiang et al, 2015) , it appears that patient navigation and coordinated referral results in equitable expedited access to services, having a consistent benefit over UC.
Having p2 assessment visits and p3 assessment procedures was more likely to reduce time to diagnosis for women assessed through a BAC vs UC. For women with p 3 assessment procedures, this difference could not be explained by time to first assessment procedure, which was similar between pathways. However, those in a BAC did have more procedures per visit than UC, resulting in more efficient visits. Women assessed through BACs also had assessment procedures scheduled in shorter intervals. In addition, type of procedure is important in shortening diagnostic wait times, as women assessed through BAC were more likely to have imaging or biopsy on their first assessment visit.
We found that open biopsy was uncommon overall, possibly because of the recommendation that tissue diagnosis of breast abnormalities be obtained before surgery (McCready et al, 2005; Bevers et al, 2009) . Irrespective of pathway, those who underwent open biopsy were more likely to experience longer wait times to diagnosis than those having percutaneous FNA or core biopsy. This finding is consistent with research conducted in British Columbia (Olivotto et al, 2000) and across screening programs in Canada, including Ontario (Olivotto et al, 2001a) . Wait times for operating rooms and the need for surgical consultations may be the most likely explanation for the delay. Recent findings have shown that women in rural areas have higher rates of open biopsy at diagnosis (Holloway et al, 2007) . Although women attending BACs were more likely to live in rural areas, they had a lower proportion of open biopsies as a result of the standardisation of care pathways and improving access to guideline-based care. This in turn is likely to influence time to diagnosis (Olivotto et al, 2000 (Olivotto et al, ,2001a . In addition, although those in UC were more likely to be diagnosed within 7 weeks if they were of higher income, income had no effect for women assessed within a BAC. This result might indicate an important benefit of organised assessment on social disparities.
Irrespective of pathway, women with invasive breast cancers of more advanced stage and larger tumour size were more likely to be diagnosed within 7 weeks as compared with those diagnosed at earlier stages with smaller tumours. This finding is consistent with literature demonstrating an expedited evaluation process for more overtly worrisome cases, where suspicious (Caplan et al, 2000; Olivotto et al, 2002; Ganry et al, 2004) and larger tumours (Bairati et al, 2007) were associated with decreased likelihood of diagnostic delay, and smaller tumours associated with increased delay (Molinié et al, 2013) . Our results also align with research showing that women with less advanced stage were more likely to experience diagnostic delay compared with those with more advanced stage (Jiang et al, 2015) , although their population also included symptomatic breast cancers.
Overall, women assessed through a BAC had more timely diagnoses and received fewer, more appropriate procedures. However, there are important considerations to facilitate the establishment of organised breast assessment centres. In Ontario, BACs require additional practitioners, access to diagnostic specialists, and adequate imaging, biopsy, and pathological assessment capacity (Quan et al, 2012; Jiang et al, 2015) . These requirements may be more challenging in remote settings, in addition to being more costly.
The strengths of this study include its use of existing data collected on a large population-based cohort of screened women during an 8-year period. All eligible women were identified from a centralised screening database, and follow-up was identical. Women diagnosed through BACs were similar to women diagnosed through UC by age at screen and at diagnosis and on breast cancer risk factors and prognostic characteristics. However, the two cohorts did differ significantly by year of screen and region of screening centre as this would reflect when and where the BACs were implemented. To ensure comparability, any differences in year of screen, screen type, mammography type, mammographic density, income quintile, and community status were adjusted for in analyses.
There were several limitations to the study. First, it was not possible to distinguish between system-level and certain patientlevel factors associated with diagnostic delay. Patient-level factors that can influence diagnostic times include poorer health (Yabroff et al, 2004) , patient beliefs and attitudes (Yabroff et al, 2004; Allen et al, 2008) , and logistical barriers to accessing services (Allen et al, 2008) . However, recent reviews have not been able to estimate the proportion of diagnostic delay that might be due to patient vs system-level factors (Wujcik and Fair, 2008; Zapka et al, 2010) . In addition, compared with UC, a greater proportion of women in the BAC cohort were seen in a more recent time period, when percutaneous biopsy has become standardised and more accessible. Lastly, this study focussed solely on patients with cancer diagnoses. Wilcoxon rank-sum test for differences in median days to diagnosis (45 days vs 50 days) for > 3 assessment procedures, po0.0001.
We are not able to determine how diagnostic wait times would compare for patients with a benign outcome who often undergo less prompt assessment than those with overtly suspicious findings. The benefits of early detection by mammography are dependent on women with abnormal screening results having access to timely and accurate diagnostic assessment. This study examined the impact of procedures and visits on diagnostic delays and found that women with screen-detected breast cancer in OBSP were more likely to have shorter wait times if they were seen through organised assessment. This was likely because of fewer, timelier, more appropriate assessment procedures for women diagnosed through BACs vs UC. Given the significant improvement in timeliness to diagnosis, women with abnormal mammograms should be managed through organised assessment. Future work will address the impact of diagnostic and treatment intervals on breast cancer survival by assessment pathway.
